to reduce outbreak risk, particularly when unusually large events are planned.
Introduction
Scaffold ear piercing (sometimes known as "bar", "industrial", or "construction" piercing) involves the placement of two pierced holes in the upper ear cartilage (one in the forward helix position, and one in the posterior helix), through which a metal jewellery bar with securing ends is threaded, sometimes using a guide bar 1 . Although scaffold piercing is reported to be more painful than conventional ear piercing (as it involves the helix rather than the pinna) and may take longer to heal [2] [3] [4] , we are unaware of previous reports of rates of infection or outbreaks associated with this relatively new cosmetic procedure 5 .
A small number of case reports and point source outbreaks of Pseudomonas aeruginosa infection linked to conventional ear piercing have previously been reported [6] [7] [8] The piercing premise involved in this outbreak was located in North West England, was licensed, and had previously undergone satisfactory inspection in June 2015. There were two piercing practitioners: a more experienced owner, and a newly-employed practitioner.
Using social media, the premises advertised a special "Black Friday" event for the 25 th We inspected the premises' sterilising autoclave records to confirm functionality and timing of use, and collected environmental specimens from potential sources inside the premises, including: water samples from hot and cold taps (pre-and post-flush); from disinfectant spray bottles (liquid samples and swabs from spray nozzles); from piercing equipment (swabs from scaffold guide bars); and from the autoclave (solution sample). Additional water samples were taken from the mains water supply and surrounding properties by the water utility company. Environmental samples were cultured for Pseudomonas and subjected to nine loci VNTR amplification at the PHE Food and Water Laboratory, York, England.
Using epidemiological data, we plotted an epidemic curve, and calculated attack rates stratified by the type of piercing and practitioner who carried out the procedure.
Results

Active case finding and epidemiology
In total, 45 individuals were pierced at the premises during the 25 th November 2016 "Black Friday" event (44 female, one male). Mean age was 20 years (range 14-47 years). A further seven individuals were pierced between the 26 th November and the 7 th December 2016 inclusive, when piercing was suspended.
Of the 45 individuals pierced during the Black Friday event, 13 (29%) were pierced by the newly-appointed practitioner, and 32 (71%) by the more experienced practitioner. Twelve of the thirteen individuals pierced by the newly-appointed practitioner had scaffold piercings placed in the ear by needles, with metal guide bars used to draw the jewellery bar through the pierced holes. The remaining individual had a belly-button piercing placed using the same guide bar technique. One of the 32 individuals pierced by the more experienced practitioner had a scaffold piercing of the ear, with jewellery placed with the use of a guide bar.
None of the seven individuals pierced after the Black Friday event (two pierced by newlyappointed practitioner, and five by owner) had scaffold piercings.
In total 11 cases of infection were identified: seven microbiologically-confirmed; two probable cases; and two possible. Ten of eleven (91%) of cases were female, with ages ranging between 14 years and 36 years. Dates of onset of symptoms ranged from 26 th November 2016 to 2 nd December 2016, with the epidemic curve indicating a likely pointsource outbreak (Figure 1 ).
All cases were pierced during the "Black Friday" event by the newly-appointed practitioner, and had scaffold piercing with jewellery placed using guide bars, giving an attack rate of (85%, 11/13) for individuals exposed to the newly-appointed practitioner during the "Black Friday" event, and an attack rate of 0% (0/32) for individuals pierced by the more experienced practitioner during the "Black Friday" event (overall "Black Friday" premises attack rate: 24%, 11/45) - Figure 2 .
Five cases were admitted to hospital and required surgical intervention and antibiotic treatment, and a further four were treated as outpatients with antibiotics only. At least one individual who underwent surgery was left with residual scarring.
Microbiological and environmental investigation
VNTR typing was completed on 4/7 Pseudomonas aeruginosa isolates from microbiologically-confirmed cases, with all isolates being clade C type: 11.6.2.2.1.3.7.2.11, and indistinguishable between cases at the last most discriminatory loci.
Inspection of plumbing and fixtures identified plastic pipes supplying the sinks in the premises. Ten water samples were taken from five taps at three sinks (two pre-flush and two post-flush). Overall, eight water samples grew Pseudomonas aeruginosa, with five having very high levels of colony-forming units per millilitre (Table 1) , indicating contamination in Page 10 of 17 the plumbing system supplying the washbasin taps. VNTR subtyping of isolates from water samples matched samples taken from cases at the last most discriminatory loci. Water samples from the main supply into the property and from the adjacent property did not grow Pseudomonas spp. Samples taken from the autoclave, disinfectant spray bottles, and piercing equipment (including used guide bars) were also negative.
Inspection of the premises by infection control nurses identified hygiene issues including:
lack of a dedicated handwashing sink; use of reusable cotton towels for hand-drying; inadequate solutions used for environmental cleaning and for disinfection of invasive guide bars; and inadequate hand decontamination.
Control measures
A qualified plumber replaced all plastic pipes with copper piping, as well as washbasin taps on 6/2/2017. No growth of Pseudomonas spp. was obtained from water samples taken from all taps after the completion of this remedial work.
Written infection control and hygiene advice was provided to the owner. Following reinspection by the Environmental Health Officer and confirmation that all issues had been addressed the premises was permitted to recommence piercing activities.
Discussion
We report on a large outbreak of Pseudomonas aeruginosa infection linked to a relatively new type of cosmetic piercing (scaffold piercing) conducted during a busy "Black Friday" event. Based on molecular subtyping of isolates from cases and from water samples taken from taps in the affected premises, the source of the outbreak was most likely to be contaminated plastic plumbing pipes. All cases occurred among clients who had scaffoldpiercing done by the newly-appointed trainee, whilst no individuals pierced by the more experienced practitioner or who did not have scaffold piercing, was infected. We therefore hypothesise that whilst there were infection control issues in the premises and the water supply was contaminated with Pseudomonas aeruginosa, development of infection may have required additional exposure to the more invasive scaffold procedure conducted by an inexperienced practitioner.
Pseudomonas aeruginosa is ubiquitous in the environment (particularly in low nutrient and oligotrophic environments) and can colonise and form biofilms in plumbing fixtures such as in taps, shower head, and pipes 12 . Contamination of water supplies is a well-recognised source of infection, particularly among immunosuppressed individuals 12, 13 . In this outbreak, isolation of a common environmental strain of Pseudomonas aeruginosa from multiple taps and sinks and in high concentrations from both pre-and post-flush samples strongly indicates that the plastic pipes more distal from the sinks were contaminated. It is possible that the unusually high numbers of clients pierced during the Black Friday event would have required greater water usage, and may have resulted in a Pseudomonas-contaminated biofilm being dislodged from the plastic pipes, contaminating piercers' hands or equipment during washing. Infection risk may have been increased as handwashing and decontamination procedures were found to be suboptimal.
Although a small number of previous case reports and outbreaks of Pseudomonas aeruginosa linked to cosmetic piercing activities have been reported 2, 6, 7, 9, 14 
